Abstract Previous research has shown effects of the visual interference technique, dynamic visual noise (DVN), on visual imagery, but not on visual short-term memory, unless retention of precise visual detail is required. This study tested the prediction that DVN does also affect retention of gross visual information, specifically by reducing confidence. Participants performed a matrix pattern memory task with three retention interval interference conditions (DVN, static visual noise and no interference control) that varied from trial to trial. At recall, participants indicated whether or not they were sure of their responses. As in previous research, DVN did not impair recall accuracy or latency on the task, but it did reduce recall confidence relative to static visual noise and no interference. We conclude that DVN does distort visual representations in short-term memory, but standard coarse-grained recall measures are insensitive to these distortions.
Introduction
Dynamic visual noise (DVN) was developed by Quinn and McConnell (1996a) as a visual interference task. The technique consists of a matrix of small black-and-white squares. Random squares change colour from black to white or white to black at a rate of several hundred changes per second. In a series of experiments, Quinn and McConnell (1996a , b, 1999 , 2000 showed that watching, but ignoring, the DVN display selectively impaired the recall of word lists that were learned using visual imagery strategies such as the pegword mnemonic and the method of loci. This led them to conclude that DVN has obligatory access to visual working memory.
Dynamic visual noise (DVN) has subsequently been shown to interfere with performance of other visual imagery tasks. For example, Smyth and Waller (1998) found that DVN disrupted the visualisation of climbing routes in a sample of proficient rock climbers. Baddeley and Andrade (2000) observed that DVN reduced the vividness with which participants imagined everyday objects and scenes, and Dean et al. (2008) showed that DVN interfered with participants' ability to generate images of animals in a mental size comparison task. Clinical applications have shown that DVN reduces the vividness of traumatic images (Kavanagh et al. 2001) , as well as the imagery associated with cravings for cigarettes (May et al. 2010 ) and food (Kemps et al. 2004 (Kemps et al. , 2005 (Kemps et al. , 2008 McClelland et al. 2006; Steel et al. 2006) .
In contrast, initial investigations into DVN effects on visual short-term memory (STM) produced null results. In particular, Andrade et al. (2002) found no effects of DVN on a series of visual STM memory tasks, including recall of black-and-white matrix patterns and recognition of Chinese characters. Similar null findings have been reported by Zimmer and Speiser (2002) , Avons and Sestieri (2005) , Dean et al. (2005) and Dent (2010) . Specifically, these studies showed no effects of DVN on variations of the matrix pattern memory task. Thus, contrary to Baddeley's (1986) original conception of visual working memory as a system that supports both short-term memory and imagery functions, these findings would suggest that different cognitive processes underlie visual imagery and visual STM.
However, recent investigations into the effects of DVN on visual STM have shown that such effects do occur if the task requires retention of precise detail. For example, Quinn (2003-2004) showed that DVN interfered with memory for the precise size of a circle. Likewise, Dean et al. (2005) demonstrated effects of DVN on memory for the visual texture of coloured patterns, and Darling et al. (2007 Darling et al. ( , 2009 found effects on participants' memory for the specific font of a letter. Most recently, Dent (2010) reported DVN effects on the recall and recognition of detailed colour shades.
Thus, DVN does not affect performance of visual STM tasks for which retention of coarse-grained information is sufficient, such as memory for matrix patterns; however, it does affect temporary memory for fine-grained visual information. According to Quinn (2003-2004) , and also Dent (2010) , effects of DVN on visual STM are subtle and become apparent only under conditions of increased uncertainty, i.e., when a precise representation of the to-be-remembered stimulus is required. They further argue, as do Dean et al. (2005) , that DVN serves to degrade the representation of the stimulus, thereby diminishing the precision that is necessary for successful task performance. This then begs the question of whether DVN only affects memory for precise visual detail or rather only makes small distortions that are not picked up on standard visual STM tasks (e.g. matrix pattern task). Even if these tasks can be performed accurately with coarse-grained information, and despite distortions, there may be effects on confidence.
This study examined the effect of DVN on confidence in memory for gross visual information. To this end, we developed a modified version of the matrix pattern recall task. As in the traditional task, we presented participants with black-and-white matrix patterns and following a brief retention interval asked them to mark the previously black squares on blank matrices. However, as an extension of this procedure, we asked our participants to indicate for each marked square whether or not they were sure that it was previously black. During the retention interval, participants were presented with one of three visual displays: DVN, a blank control screen or static visual noise (SVN). The latter was included to control for potential visual masking effects and, unlike DVN, has been shown not to affect visual working memory (McConnell and Quinn 2000) . Previous reports of DVN effects on visual STM for precise detail have often not included an SVN condition (e.g. Darling et al. 2007 Darling et al. , 2009 Quinn 2003-2004) , leaving their findings prone to a visual masking explanation. Inclusion of both a no interference control condition and an SVN condition allowed us to test directly whether any effect of DVN was due to failure to control for visual masking. In line with previous studies (Andrade et al. 2002; Avons and Sestieri 2005; Dean et al. 2005; Dent 2010; Zimmer and Speiser 2002) , we predicted that DVN would not affect overall accuracy or latency in the matrix memory task but would reduce participants' confidence (i.e. yield fewer 'sure' responses) than the control and SVN conditions.
Methods

Participants
Participants were 40 undergraduate students (15 men, 25 women) at Flinders University who participated for course requirements and credit. They ranged in age from 18 to 27 years (M = 21.48, SD = 2.28). All had normal or corrected-to-normal vision.
Design
The experiment used a within-subjects design, with interference task conditions (control, SVN and DVN) presented in randomly intermixed order determined by the computer for each individual participant. Conditions were intermixed rather than blocked to discourage participants from using different memory strategies in the different conditions.
Materials
The stimuli were 63 matrices of 5 9 5 one-centimetre squares, each comprising 9 black squares. The black squares were chosen randomly, avoiding obvious patterns. Twenty-one matrices were taken from Andrade et al. (2002) ; another 42 were created for the present study. Three matrices were used as practice stimuli; the remaining 60 served as experimental stimuli, 20 per interference task condition.
The DVN display was identical to that used by Quinn and McConnell (1996a, b) . It consisted of an 80 9 80 array of randomly black-and-white squares, measuring 10.5 9 10.5 cm. The colour of the squares changed continuously between black and white at a rate of a random 291 changes per second. The static display (SVN) comprised the same 80 9 80 array of randomly black-and-white squares, but no colour changes occurred. Six different layouts were created, which were selected at random for presentation.
Procedure
Participants were tested individually in a quiet room in the Applied Cognitive Psychology Laboratory in a session of 30-min duration They were seated approximately 50 cm in front of an IBM compatible computer with a 17-inch monitor.
On each trial, a matrix pattern was displayed in the centre of the screen for 4 s. Participants were instructed to remember the pattern. Following a 4-s retention interval, during which the screen was blank (control condition), or the dynamic or static noise was displayed, a blank matrix was displayed on the screen. Participants were asked to mark the previously black squares using the computer mouse. If they were sure that a particular square was black, they were asked to place the cursor on that square and click the left mouse button; an 'X' appeared in the square. If they were not sure that a particular square was black, but they thought that it may have been black, they were asked to click the right mouse button; a '?' appeared in the square. Participants operated the computer mouse with their dominant hand. Accuracy and response times were recorded. Figure 1 illustrates the experimental paradigm.
The experiment commenced with 3 practice trials (one per interference task condition), followed by 60 experimental trials. These were presented in a new randomly chosen order for each participant.
Results
Cases that were ±3.29 standardised scores from the mean were identified as outliers and adjusted by assigning a score one unit removed from the next most extreme score in the distribution (Tabachnick and Fidell 2001 ). Cohen's d was used as the effect size measure, with cut-off values of .20, .50 and .80 for small, medium and large effects, respectively (Cohen 1988) .
Performance on the matrix pattern task was analysed by a series of repeated measures ANOVAs, with post hoc comparisons using a Bonferroni correction for multiple comparisons. There was no significant effect of interference task condition on overall accuracy (i.e. number of correctly marked black squares across 'sure' or 'unsure' responses), F(2, 78) = 1.58, P [ .05, or response latency, F(2, 78) = .76, P [ .05. Moreover, the overall number of marked squares (correct plus incorrect) did not differ between interference task conditions, F(2, 78) = 1.07, P [ .05. Using signal detection theory, we further assessed the sensitivity (d 0 ) and criterion (b) of participants' performance. As can be seen in Table 1 , participants' ability to discriminate black from white squares did not differ across conditions, F(2, 78) = 1.04, P [ .05. Moreover, there was an overall and non-differential tendency to respond conservatively (i.e. a tendency to withhold marking a previously black square), F(2, 78) = .84, P [ .05.
To investigate the role of confidence, similar analyses of variance were conducted just on the 'sure' responses. Note that analyses for 'sure' and 'unsure' responses are mutually exclusive; hence, we report analyses only for 'sure' responses. There were significant differences between conditions for the overall number of 'sure' responses (correct plus incorrect), F(2, 78) = 5.41, P \ .05, d = .74, with significantly fewer 'sure' responses in the DVN condition than in the SVN and control conditions. Importantly, there were also significant effects of interference condition on the number of correct 'sure' responses, F(2, 78) = 2.97, P \ .05, d = .55, whereby the number of correct 'sure' responses was significantly lower in the DVN condition than in the SVN and control conditions. The number of 'sure' and correct 'sure' responses in the SVN condition did not differ from those in the control condition (P [ .05).
Additionally, signal detection theory analyses for 'sure' and 'unsure' responses separately showed effects of interference task condition on both significantly more conservative response tendency than in the control and SVN conditions.
Discussion
The aim of this study was to investigate the effect of DVN on confidence in visual STM. As in previous studies that have used the matrix pattern task, we found no effect of DVN on performance indicators of recall accuracy and response latency (Andrade et al. 2002; Avons and Sestieri 2005; Dean et al. 2005; Dent 2010; Zimmer and Speiser 2002) . Furthermore, signal detection theory analyses showed that DVN also did not affect the overall sensitivity and criterion of participants' performance. However, as predicted, DVN reduced participants' confidence, as demonstrated by fewer 'sure' responses and fewer correct 'sure' responses in this condition compared to the blank screen control and SVN conditions. Signal detection theory analyses showed that DVN reduced the sensitivity, and increased the response criterion, of participants' 'sure' responses. Thus, under DVN conditions, participants were less good at discriminating with confidence previously black squares from white and had a higher threshold for responding that they were sure a square had been black. In contrast, when participants were not sure about their responses, DVN did not differentially affect the sensitivity and criterion of participants' performance. Indeed, across interference task conditions, participants' 'unsure' responses did not discriminate black from white squares very well and showed no particular response bias. In other words, when participants were unsure, they were unsure across the board, and DVN did not further increase this uncertainty.
The observed effects of DVN cannot be attributed to visual masking or demand characteristics, as there was no effect of SVN on performance or confidence. They also cannot be attributed to changes in response thresholds because the overall number of responses was comparable across conditions, a finding supported by the signal detection theory analysis of all responses.
Although DVN does not affect performance of visual STM tasks for which retention of gross visual information is sufficient, our data show, for the first time, that it does reduce participants' confidence in the recall of that information, increasing their threshold for marking a response as 'sure'. This finding supports a parsimonious explanation of the mixed findings in the literature on DVN. Quinn (2003-2004) , and Dent (2010) have argued that DVN interferes with visual STM under conditions of greater uncertainty or only when precise visual details must be retained. Rather than suggesting different STM mechanisms for coarse-grained visual information, we propose that DVN always degrades representations of to-beremembered visual stimuli. This degradation is detectable in performance measures such as accuracy and response latency when accurate retention of visual detail is critical to task performance (e.g. Darling et al. 2007 Darling et al. , 2009 Dent 2010; Quinn 2003-2004) . DVN similarly reduces the vividness of visual images because degraded or less detailed representations are less realistic (e.g. Baddeley and Andrade 2000) . In tasks such as matrix pattern retention, where performance can be sustained by relatively coarse-grained visual information, degradation of representations shows up as reduced confidence in the retrieval of that representation.
An alternative interpretation is that participants may have had an expectation that DVN would affect their memory for the matrix pattern, and thus, their confidence judgement reflected that expectation. However, this expectation would likely also have held for SVN, but that did not affect participants' level of confidence. Another possible interpretation is that participants may have attempted to generate an image of the matrix pattern to verify their response when they were asked to make a confidence judgement. It is this image generation process then that was affected by DVN, rather than the actual recall from visual STM. Accordingly, recall of the matrix pattern reflects the operation of a visual STM system, whereas participants' confidence judgement reflects the use of imagery to check the accuracy of their response. This explanation is also readily applicable to previous reports of DVN effects on short-term retention of precise visual detail (Darling et al. 2007 (Darling et al. , 2009 Dean et al. 2005; Dent 2010; Quinn 2003-2004) . Specifically, when a visual stimulus requires precise recall, participants use visual imagery to support their performance and to verify their response, and therefore, DVN disrupts performance. The idea that visual STM performance is supported by imagery when retention of detail is important and that it is this imagery that is affected by DVN fits with the original Quinn and McConnell (1996a) findings that DVN consistently disrupts recall performance using the visual imagerybased pegword mnemonic McConnell 1996a, 1999; McConnell and Quinn 2000) , a technique that is unlikely to require much visual precision. This explanation assumes that different effects of DVN on STM and imagery are due to there being separate systems underpinning STM and imagery. However, it also begs an explanation of why effects of DVN were observed during a retention interval. DVN was not present when participants were making their responses and judging their confidence, and it is at this point that visual imagery might be used. For consistency with this explanation, one would have to assume that DVN disrupted the encoding or storage of a representation in a visual imagery system but not the encoding or storage of an equivalent representation in a visual STM system. A possible explanation for the lack of effect of DVN on matrix pattern recall here is that showing the matrix pattern for as long as 4 s and asking participants to mark each of the composing squares may have induced them to encode the pattern in spatial terms. In support, Dent (2010) has shown that DVN does not affect performance of a spatial location task. However, using a stimulus presentation of only 500 ms, Dean et al. (2005) also found no effect of DVN on the matrix pattern recall task. Moreover, Della Sala et al. (1999) have shown that matrix pattern recall is susceptible to visual but not spatial interference, demonstrating that the task clearly requires visual rather than, or as well as, spatial processing.
One way of increasing potential interference effects of DVN on matrix pattern recall could be to increase the difficulty of the task or to decrease the matrix pixel size so that it is similar to the DVN display. Additionally, as the effect of DVN on confidence was only assessed using a recall task, it remains to be determined whether a recognition format would also have yielded a confidence effect. A limitation is that confidence is a subjective rather than an objective measure of performance, unlike the previously used measures of memory for precise visual detail (Darling et al. 2007 (Darling et al. , 2009 Dean et al. 2005; Dent 2010; Quinn 2003-2004) . However, judgements of imagery vividness are also subjective, and these have been shown to be consistently affected by DVN (Baddeley and Andrade 2000) . Nevertheless, future research could usefully develop more objective performance measures to assess confidence.
The present findings of effects of DVN on confidence in visual STM add to a growing body of research that shows effects of DVN on visual STM (Darling et al. 2007 (Darling et al. , 2009 Dean et al. 2005; Dent 2010; Quinn 2003-2004) as well as visual imagery performance (Dean et al. 2008; McConnell and Quinn 2000; McConnell 1996a, b, 1999; Smyth and Waller 1998) and vividness (Baddeley and Andrade 2000) . This body of research appears to re-affirm Baddeley's (1986) original idea that visual imagery and visual STM are supported by one and the same visual working memory. However, although parsimonious, this conceptualisation does not fit with current models where visual imagery and visual STM are subserved by separate cognitive systems (Logie 1995 (Logie , 2003 (Logie , 2011 Logie and van der Meulen 2009; Pearson 2001; Quinn and McConnell 2006) . Indeed, recent data from both laboratory (van der Meulen et al. 2009 ) and neuropsychological (Zeman et al. 2010 ) studies support the theoretical distinction between a visual cache for the temporary storage of visual representations and a system for the generation of visual images, in some models referred to as the visual buffer (Pearson 2001; Quinn and McConnell 2006) . Logie (1995 Logie ( , 2003 Logie ( , 2011 Logie and van der Meulen 2009) has argued that mental image generation requires activation of knowledge stored in long-term memory. According to this view, DVN has its disruptive effect by interfering with the process of generating images from long-term memory.
The pattern of findings regarding DVN effects on visual STM that has emerged over recent years suggests that visual STM is not as different from verbal STM as it might appear. Although irrelevant speech has more reliable effects on verbal STM than does DVN on visual STM, this could simply be because small distortions in speech sounds turn them into different speech sounds. In the matrix pattern task, distortions in memory for a particular square are unlikely to change memory for that square into memory for a different square in the same way that 'k' might turn into 'a', or 'b' into 'p'. Visual tasks that show effects of DVN on performance are those where such distortions have the potential to change a stored representation into one that matches a distractor item, as is the case in Darling et al.'s (2007 Darling et al.'s ( , 2009 ) font memory task and Dent's (2010) colour memory task.
In conclusion, our findings suggest that visual STM shows visual interference effects similar to those seen in verbal STM with auditory interference. Previous null results, including our own (Andrade et al. 2002) , may stem from a lack of sensitivity of the measures used rather than a lack of effect of DVN. Future research testing the association or dissociation between visual STM and visual imagery should ensure that measures of each are equally dependent on mental availability of fine-grained visual information.
